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[Document Name] Specification 

[Title of the Invention] FIBER LASER UNIT 

[Claims] 

[Claim 1] Fiber laser unit comprising a 
5 plurality of fiber lasers that generate laser beams 

by exciting a laser active substance inside cores by 
exciting light, propagate the laser beams inside the 
cores and output from the ends thereof, wherein 

each of the fiber lasers has a resonator structure 
10 that reflects a laser beam on both ends, and 

the cores of the fiber lasers are made proximal 
to each other at a part, and by using a laser beam 
outputted from the inside of the core of an arbitrary 
fiber laser, injection synchronization is carried out 
15 inside resonators of other fiber lasers. 

[Claim 2] The fiber laser unit according 
to Claim 1, wherein 

each of the fiber lasers has a structure in which 
a part of the cores is reduced in diameter, and the 
20 cores are made proximal to each other at the core 

diameter reduced portion. 

[Claim 3] The fiber laser unit according 
to Claim 2, wherein the diameter reduced portion and 
the proximity portion are formed by an optical fiber 
25 coupler. 

[Claim 4] The fiber laser unit according 
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to any one of Claims 1 through 3, wherein, among the 
plurality of fiber lasers, a loss is applied to ports 
of the fiber lasers except for one fiber laser. 



5 [Detailed Description of the Invention] 

[0001] 

[Technical Field to which the Invention Pertains] 
The present invention relates to a fiber laser 
unit having a plurality of fiber lasers. 
10 [0002] 

[Prior Art] 

Various lasers have been actively developed, and 
in particular, among the lasers, a laser with high 
output and high spatial coherence has been demanded. 

15 As a method for realizing this, there is known a method 

which realizes high output by coherent addition 
(coupling) of outputs of a plurality of lasers. As 
an example, coherent addition (coupling) of lasers by 
means of evanescent coupling of laser arrays or 

20 diffraction coupling by using a Talbot mirror havebeen 

studied. An example of the evanescent coupling is 
disclosed in "Diode Laser Arrays," Cambridge 
Publication/ and an example of the Talbot resonator 
is disclosed in "Laser Engineering, " society magazine 

25 of the Laser Society of Japan. 

[0003] 
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[Problem to be Solved by the Invention] 
However, as described above, in the coherent 
addition of the conventional method, various super 
modes are easily excited as well as a super mode to 
5 be coherently added. Furthermore, a distant field 

image coherently added also has fringe corresponding 
to the spatial frequencies of the laser arrays and its 
beam pattern is inferior. Therefore, in the 
conventional method, an increase in loss caused by 
10 these poses various problems such that high addition 

efficiency cannot be obtained, and practical use 
thereof has not been realized. Particularly, in the 
case of a Talbot resonator, very accurate adjustment 
is required so as to obtain phase coupling, so that 
15 it is not suitable for industrial use. 

[0004] 

Therefore, an object of the present invention 
is to provide a fiber laser unit excellent in addition 
efficiency of coherent addition. 
20 [0005] 

[Means for Solving the Problem] 

A fiber laser unit relating to the present 
invention has a plurality of fiber lasers that generate 
laser beams by exciting a laser active substance inside 
25 cores by exciting light and propagate the laser beams 

in the cores and output them from the end portions, 
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wherein each fiber laser has a resonator structure that 
reflects a laser beam on both ends, the cores of the 
fiber lasers are made proximal to each other at a part, 
and by a laser beam that has excited from the inside 
5 of the core of an arbitrary fiber laser, injection 

synchronization is carried out inside the resonators 
of other fiber lasers. 
[0006] 

According to this fiber laser unit, laser beams 
10 leak from the cores of the respective fiber lasers, 

and the leaked laser beams enter the cores of other 
fiber lasers disposed in proximity and are coupled with 
the laser beams propagating inside the cores of the 
other fiber lasers, and injection synchronization is 
15 carried out inside the resonators . At this point, when 

the fiber lasers are structured so that a laser beam 
is outputted from one fiber laser among the plurality 
of fiber lasers, laser beams are coherently added with 
high addition efficiency inside the resonator of the 
20 one fiber laser, and from the end portion thereof, a 

coherently added laser beam is outputted, 
[0007] 

In the above-described fiber laser unit of the 
present invention, it is also possible that the cores 
25 of the fiber lasers are reduced in diameter at a part 

and the diameter reduced portions of the cores are made 
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proximal to each other. 
[0008] 

According to this fiber laser unit, a large amount, 
of laser beams leak due to reduction in diameter of 
5 the cores and promotes injection synchronization. 

[0009] 

In the fiber laser unit of the present invention, 
it is possible that the diameter reduced portion and 
the proximity portion are formed by an optical fiber 
10 coupler. 

[0010] 

According to this fiber laser unit, the section 
where the cores are reduced in diameter and made 
proximal to each other is formed by an optical fiber 
15 coupler, whereby the entire unit can be easily 

constructed . 
[0011] 

In the fiber laser unit of the present invention, 
it is possible that, among the plurality of fiber lasers, 
20 except for one fiber laser, a loss is applied to ports 

of other fiber lasers. 
[0012] 

According to this fiber laser unit, by applying 
a loss such as a bend loss to the ports of fiber lasers 
25 except for one fiber laser, a fiber laser to output 

a coherently added laser beam can be specified. 
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Thereby, the output port can be switched in the fiber 
laser unit. 
[0013] 

[Embodiments of the Invention] 
5 Hereinafter, an embodiment of a fiber laser unit 

of the present invention is described with reference 
to the drawings . 
[0014] 

In the invention, for realizing coherent addition 
10 with high addition efficiency, a fiber laser unit is 

constructed in which a part of the cores of a plurality 
of fiber lasers is reduced in diameter to leak laser 
beams from cores, the leaked laser beams are made to 
enter the insides of the cores of other fiber lasers 
15 disposed in proximity to carry out injection 

synchronization . When this fiber laser unit is formed 
so that a laser beam is outputted from one fiber laser 
by means of application of a bend loss , etc., to ports, 
from the one fiber laser, an output coherently added 
20 with laser beams of other fiber lasers is obtained. 

[0015] 

In this embodiment, the concept of the invention 
is described and then a fiber laser unit having two 
fiber lasers applied with the invention is described 
25 in detail. In this embodiment, the structure of the 

portion where the cores are made proximal to each other 
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and reduced in diameter is also described with two 
patterns . 

[0016] 

The concept of the fiber laser unit relating to 
5 the invention is described with reference to Fig, 1 

and Fig, 2. Fig. 1 is a conceptional view of the fiber 
laser unit relating to the invention. Fig. 2 is a 
schematic view of coherent addition in a fiber laser 
unit having N fiber lasers relating to the invention. 

10 [0017] 

The fiber laser unit 1 has two fiber lasers 2 
and 3. The fiber lasers 2 and 3 are single mode fiber 
lasers with cores 2a and 3a doped with a laser active 
substance such as erbium (Er) , etc., which form 

15 resonators 4 and 5 having one end portions 2b and 3b 

that fully reflect laser beams and the other end 
portions 2c and 3c that partially reflect laser beams. 
The fiber lasers 2 and 3 are formed so that the cores 
2a and 3a are thin at the middle portions 2d and 3d 

20 thereof. In the fiber laser unit 1 , the middle port ions 

2d and 3d where the cores 2a and 3a are reduced in 
diameter are disposed in proximity to each other. The 
level of this proximity corresponds to oscillation 
wavelengths of laser beams ( several micrometers ) . In 

25 the fiber laser unit 1, the output sides from the middle 

portions 2d and 3d (when they are formed by an optical 
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fiber coupler, the output side from the optical fiber 
coupler) serve as ports of fiber lasers 2 and 3. 
[0018] 

In the fiber laser unit 1, when the cores 2a and 
5 3a of the fiber lasers 2 and 3 are irradiated with 

exciting light, the laser active substance is excited 
to cause laser oscillation, and laser beams with 
oscillation wavelengths different from each other are 
generated. At this point, in this fiber laser unit 

10 1, the cores 2a and 3a are reduced in diameter at the 

middle portions 2d and 3d of the fiber lasers 2 and 
3, a large amount of laser beams leak from there . Then, 
a part of the leaked laser beams-enters the cores 2a 
and 3a of the other fiber lasers 2 and 3 and are coupled 

15 with laser beams generated in the cores 2a and 3a that 

the leaked laser beams have entered to carry out 
injection synchronization inside the resonators 4 and 
5. At this point, when a loss is applied to the port 
of either one of the fiber lasers 2 and 3, a coherently 

20 added laser beam is outputted from the other ends 2c 

or 3c of the other fiber laser 2 or 3 that has not been 
applied with the loss. This coherently added output 
becomes almost equal to a sum of output values of the 
laser beams when the fiber lasers 2 and 3 output the 

25 laser beams independently. 

[0019] 



2007$ 4fl 9B I3«$22ft SOEI PATENT & LAW 



NO. 2599 P. 11 



Furthermore, leak of laser beams is promoted by 
reducing the diameters of the cores 2a and 3a/ and even 
when the cores 2a and 3a are not reduced in diameter, 
laser beams leak from the cores 2a and 3a, so that the 
5 cores 2a and 3a are not necessarily reduced in diameter . 

The most important point is that the cores 2a and 3a 
are disposed in proximity to each other. As the 
distance between the cores 2a and 3a becomes shorter, 
the near-field interaction becomes greater and the 

10 section of proximity of the cores 2a and 3a can be 

shortened (when this section is formed by an optical 
fiber coupler, the length of the optical fiber coupler 
can be shortened) . On the other hand, even when the 
distance between the cores 2a and 3a is long, the same 

15 effect can be obtained by lengthening the section of 

proximity of the cores 2a and 3a. 
[0020] 

Coherent addition based on the principle 
described above can be realized regardless of the 

20 number of fiber lasers. As shown in Fig. 2, in a fiber 

laser unit 11 having N fiber lasers 12..., the fiber lasers 
12... have the same structure as that of the fiber lasers 
2 and 3 described above, and an output value when the 
fiber lasers 12... output laser beams independently is 

25 defined as P. In this fiber laser unit 11, when a loss 

is applied to the ports of the fiber lasers 12... except 
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for one fiber laser, an output of N x P can be obtained 
from the one fiber laser 12 that has not been applied 
with the loss (however, in actuality, the output lowers 
by several percent due to the loss) . 
5 [0021] 

The structure of a fiber laser unit 21 relating 
to this embodiment is described with reference to Fig. 
3. Fig. 3 is a structural view of the fiber laser unit 
relating to this embodiment. 

10 [0022] 

The fiber laser unit 21 has two fiber lasers 22 
and 23, and an output obtained by coherent addition 
of laser beams of the two fiber lasers 22 and 23 can 
be output ted from one of the fiber lasers. In the fiber 

15 laser unit 21, in order to couple the two fiber lasers 

22 and 23, an optical fiber coupler 28 is provided on 
the middle portions 22d and 23d thereof, and coherent 
coupling of the laser beams between the two fiber lasers 
22 and 23 is realized by this optical fiber coupler 

20 28. 

[0023] 

The fiber laser 22 is a single mode fiber laser 
formed by doping erbium into the core of a silica-based 
single mode optical fiber 22e, and the entire optical 
25 fiber 22e forms a resonator 24 and introduces exciting 

light by a WDM (Wavelength Division Multiplexing) 
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coupler 26. The fiber laser 22 outputs a laser beam 
with an oscillation wavelength of 1556. 9nm from the 
port A of the other end portion 22c, and when it outputs 
independently in a non-coupled state, the output value 
5 becomes 1.36W. Furthermore, the fiber laser 22 has 

a polarization controller 30 on one end portion 22b 
side to obtain high addition efficiency by equalizing 
polarization between the lasers. Furthermore, in 
coherent addition, high addition efficiency cannot be 

10 obtained duetointerferenceofa plurality of electric 

fields unless polarization is equal between lasers, 
so that a polarization controller 30 is used in the 
fiber laser unit 21, and the polarization controller 
can be provided in the fiber laser 23 in place of the 

15 fiber laser 22. Furthermore, when a fiber that stores 

polarization is used, the polarization controller 30 
becomes unnecessary . 
[0024] 

The resonator 24 is formed by a fiber diffraction 
20 grating (FBG: Fiber Bragg Grating) 24a provided on one 

end portion 22b of the fiber laser 22 and a reflecting 
end face 24b provided on the other end portion 22c. 
The fiber diffraction grating 24a has characteristics 
to reflect light with a wavelength of 1556. 9nm at a 
25 reflectance higher than 99% (almost 100% reflectance) , 

and transmits light with other wavelengths. The 
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reflecting end face 24b has characteristics to reflect 
light with a wavelength of 1556. 9nm at a reflectance 
of 3.4% and transmits the remaining light. 
[0025] 

5 The WDM coupler 26 couples exciting light with 

1484nm and 2.05W with the core inside the resonator 
24 . 

[0026] 

The fiber laser 23 is a single mode fiber laser 
10 formed by doping erbium into the core of a silica-based 

single mode optical fiber 23e, and the entire optical 
fiber 23e forms a resonator 25 and introduces exciting 
light by a WDM coupler 27. The fiber laser 23 outputs 
a laser be am with an oscillation wavelength ofl557.1nm 
15 from the port B on the other end 23c, and when it outputs 

independently in a non-coupled state, the output value 
becomes 1.47W. 
[0027] 

The resonator 25 is formed by a fiber diffraction 
20 grating (FBG) 25a provided on one end 23b of the fiber 

laser 23 and a reflecting end face 25b provided on the 
other end 23c. The fiber diffraction grating 25a has 
characteristics to reflect light with a wavelength of 
1557. lnm at a reflectance higher than 99% (almost 100% 
25 reflectance) , and transmits light with other 

wavelengths. The reflecting end face 25b has 
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characteristics to reflect light with a wavelength of 
1557 . lnm at a reflectance of 3.4% and transmits the 
remaining light. 
[0028] 

5 The WDM coupler 27 couples exciting light with 

1484nm and 2.05W with the core inside the resonator 
25. 

[0029] 

The optical fiber coupler 28 is described with 

10 reference to Fig. 4 also. Fig. 4 is the optical fiber 

coupler of Fig. 3, (a) is a side view of the optical 
fiber coupler, (b) is a plan view of a melt-drawn portion 
of the optical fiber coupler, (c) is a sectional view 
along the I-I line of (b) . 

15 [0030] 

The optical fiber coupler 28 is of 2 x 2 and has 
a branching ratio of 50 : 50, wherein laser beams are 
leaked from cores 22a and 23a of two optical fibers 
22e and 23e, and the leaked laser beams are coupled 

20 inside the other side cores 22a and 23a. Therefore, 

the optical fiber coupler 28 has a melt-drawn portion 
28a that is formed by melting and drawing the middle 
portions 22d and 23d of two optical fibers 22e and 23e 
and joining clads 22f and 23f of the two optical fibers 

25 22eand23e. At the melt-drawn portion 28a, theoptical 

fibers 22e and 23e (cores 22a and 23a) are reduced in 
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diameter and the cores 22a and 23a are disposed in 
extremely close proximity to each other. 
[0031] 

In the optical fiber coupler 28, the melt-drawn 
5 portion 28a is fixed onto a silica-based substrate 28b 

and sealed within a space with a small thermal expansion 
coefficient formed by invar 28c and 28c and sealing 
materials 28d and 28d. 

[0032] 

10 Furthermore, in the fiber laser unit 21, in order 

to output a coherently added laser beam from one of 
the fiber lasers 22 and 23, a loss is applied to the 
port of the other one of the optical fibers 22e and 
23e. Therefore, in the fiber laser unit 21, in order 

15 to positively increase the bend loss on the port of 

one of the optical fibers 22e and 23e, the port of one 
of the optical fibers 22e and 23e is provided with a 
bend loss portion 29 and the number of times of bending 
on the port of one of the optical fibers 22e and 23e 

20 is increased to forcibly increase the bend loss. In 

Fig. 3, the bend loss of the port of the optical fiber 
23e is increased, so that a coherently added laser beam 
is outputted from port A of the fiber laser 22. 
[0033] 

25 Action of the fiber laser unit 21 is described 

with reference to Fig. 5 also. Fig. 5 is a diagram 
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showing output spectra of the fiber laser unit. 
[0034] 

In the fiber laser unit 21, when exciting light 
beams are coupled to the cores 22a and 23a of the optical 
5 fibers 22e and 23e from the WDM couplers 26 and 27, 

erbium ions inside the core 22a and 23a are excited 
and the emitted fluorescence propagates back and forth 
within the resonators 24 and 25. Then, they are 
subjected to laser amplification inside the resonators 

10 24 and 25 to generate laser beams with oscillation 

wavelengths different from each other (1556. 9nm and 
1557. Inm) inside the resonators 24 and 25, 
respectively, and the laser beams propagate inside the 
cores 22a and 23a. 

15 [0035] 

At this point, since the cores 22a and 23a are 
reduced in diameter at the melt-drawn portion 28a of 
the optical fiber coupler 28, laser beams leak from 
the cores 22a and 23a. Furthermore/ since one optical 

20 fiber 23e is applied with a loss by means of bending 

at the bend loss portion 29, at the melt-drawn portion 
28a of the optical fiber coupler 28, the laser beam 
that has leaked from the core 23a is drawn into the 
core 22a disposed in proximity, and the drawn-in laser 

25 beam propagates in the core 22a. Then, while the 

drawn-in laser beam propagates back and forth inside 
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the resonator 24, it is coherently coupled with the 
laser beam that has been generated in the resonator 
24 and propagated in the core 22a and the phases are 
synchronized (injection synchronization) ♦ Then, 
5 only this coherently coupled (added) laser beam 

permeates the reflecting end face 24b and is outputted 
from port A. 
[0036] 

The coherently added laser beam outputted from 

10 port A has an output value of 2.57W, which is almost 

twice the value obtained when the respective fiber 
lasers 22 and 23 output independently (port A: 1.36W, 
port B: 1 . 47W) . Furthermore,, as shown in Fig . 5, when 
the respective fiber lasers 22 and 23 output laser beams 

15 independently, the output spectra differ from each 

other according to the wavelength characteristics of 
the respective resonators 24 and 25, however, in the 
case of the output obtained by coherent coupling, its 
output spectrum shows a single peak at approximately 

20 1557 . 05nm that is the middle wavelength of the 

oscillation wavelengths of the fiber lasers 22 and 23 . 
By comparison, when coherently coupling, a laser beam 
outputted from port B has an output value of 0.17W, 
and is an output spectrum showing a single peak at 

25 approximately 1557 . 05nm that is the middle wavelength 

similar to the output spectrum from port A. In this 
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case, the addition efficiency of the coherent addition 
is 91% that is sufficiently practicable. In Fig. 5, 
the horizontal axis indicates wavelength (nm) and the 
vertical axis indicates optical output (W/nm) , the 
5 solid line indicates the output spectrum from port A, 

the dashed line indicates the output spectrum from port 
B, the thick line indicates the output spectrum in the 
case of coherent coupling, and the thin line indicates 
the output spectrum when the fiber lasers output 
10 independently from each other. 

[0037] 

The coupling principle and the loss to be applied 
in the fiber laser unit 21 are described further with 
reference to Fig. 6 and Fig. 7. Fig. 6 is a drawing 

15 showing an output pattern in a Y mode, (a) is an output 

pattern in a Y mode when it is outputted from port A, 
(b) is an output pattern in a Y mode when it is outputted 
from port B. Fig. 7 shows changes in output at port 
A and port B when the bend loss to be applied to port 

20 A is changed in the fiber laser unit. 

[0038] 

In the fiber laser unit 21, when two fiber lasers 
22 and 23 are completely balanced in resonator length 
and fiber propagation constant, according to the super 
25 mode theory, diagonalizationto two modes where outputs 

are equivalent and only relative phases are different 
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between port A and port B is obtained. However, in 
an unbalanced state where the resonator lengths are 
different from each other, etc., as shown in Fig. 6, 
inthefiberlaserunit21, due to thedr awing- ineffect, 
5 etc., outputs concentrate on only one port, and 

diagonalization to two Y modes which outputs are 
centered on the respective ports. In other words, by 
making the two ports A and B unbalanced in loss, 
thresholds of the two Y modes can be made different 
10 from each other, and a Y mode of a port with a smaller 

loss is selectively excited. 
[0039] 

Therefore, in the fiber laser unit 21, in order 
to provide a difference between thresholds of the two 

15 Y modes and selectively excite either Y mode, the bend 

loss of one port is forcibly increased. In Fig. 7, 
the horizontal axis indicates bend loss (%), the 
vertical axis indicates output from port (W) , and 
outputs of port A and port B when the bend loss of the 

20 port A side is changed in the case where the bend loss 

of the port B side is 9% is shown. When the bend loss 
to be applied to the port A side is smaller than 9%, 
a coherently added laser beam is outputted from port 
A in the fiber laser unit 21. On the other hand, when 

25 the bend loss to be applied to the port A side is larger 

than 9%, in the fiber laser unit 21, a coherently added 

18 



2007$ 4J1 9B 13"S25# 80EI PATENT & LAW 



NO. 2599 P. 21 



laser beam is outputted from port B. When the bend 
loss to be applied to the port A side is approximately 
9%, in the fiber laser unit 21, the bend loss becomes 
almost equal between the port A side and the port B 
5 side and laser beams equivalent to each other are 

outputted from port A and port B. Therefore, in the 
fiber laser unit 21, switching of the output ports is 
realized by applying losses to the ports of the optical 
fibers 22e and 23e. 

10 [0040] 

Furthermore, the reason why high addition 
efficiency is obtained by coherent addition of the 
laser beams by using fiber lasers is described a 
somewhat more. In fiber lasers, since the resonator 

15 lengths are as long as approximately 10m and the 

vertical mode interval is only approximately 10MHz, 
is approximately equal with Locking Range of the 
injection synchronization, a little difference of the 
vertical modes between fiber lasers is compensated. 

20 Therefore, in spite of the fiber lasers of the multi 

vertical mode, it is considered that high addition 
efficiency is realized. Furthermore, the perfect 
controllability of the horizontal mode, high density 
and high gain of the vertical mode interval by the long 

25 resonator length that is the feature of fiber lasers 

is also considered as contributing to obtain the 
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nonconvent ional high addition efficiency. 
[0041] 

According to this fiber laser unit 21, coherent 
addition of laser beams is realized by a simple 
5 structure in which the cores 22a and 23a are reduced 

in diameter and disposed in proximity to each other 
by the optical fiber coupler 28 and a loss is only 
applied to the port of one of the optical fibers 22e 
and 23e, whereby the addition efficiency is very high. 

10 In addition, in this fiber laser unit 21, switching 

of the output ports is realized by applying a loss to 
the port of one of the optical fibers 22e and 23e. 
Furthermore, in this fiber laser unit 21, by using a 
laser beam that has leaked from the core of one fiber, 

15 injection synchronization into the resonator of the 

other fiber is carried out, so that accurate adjustment 
is not necessary so as to obtain phase coupling. 
[0042] 

Fiber laser unit 31 in which the portion where 
20 the cores are reduced in diameter and made proximal 

to each other is formed by an integral type fiber coupler 
is described with reference to Fig. 8. Fig. 8 is a 
schematic view in a case where the portion where the 
cores are reduced in diameter and made proximal to each 
25 other is formed by an integral type fiber coupler. 

[0043] 
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The fiber laser unit 31 has eight fiber lasers 
32 through 39, and can output an output obtained by 
coherent addition of laser beams from the eight fiber 
lasers 32 through 39 from one fiber laser. Therefore, 
5 an optical fiber coupler 40 is provided in the fiber 

laser unit 31, and laser beams are coherently coupled 
among the eight fiber lasers 32 through 3 9 by the optical 
fiber coupler 40. The eight fiber lasers 32 through 
39 have the same structure as that of the fiber lasers 
10 22 and 23 described above. Laser beam oscillation 

wavelengths of the fiber lasers 32 through 39 may be 
different from each other, however, oscillation bands 
of the resonators must overlap each other. 
[0044] 

15 The optical fiber coupler 40 is of 8 x 8 and has 

an equally branching ratio, and has a function which 
leaks laser beams from the cores of the eight optical 
fibers 32e through 39e and couples the leaked laser 
beams inside other cores. Therefore, the optical 

20 fiber coupler 40 has a melt-drawn portion which is 

formed by melting and drawing eight optical fibers 32e 
through 39e and joining clads of the eight optical 
fibers 32e through 3 9e to each other . At the melt- drawn 
portion, the eight optical fibers 32e through 39e 

25 (cores) are reduced in diameter and are disposed 

extremely close to each other. 
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[0045] 

Furthermore, in order to output a coherently 
added laser beam from one fiber laser, the fiber laser 
unit 31 applies aloss to theother seven optical fibers. 
5 In the example of Fig. 8, in order to output from the 

fiber laser 35, the other seven optical fibers 32e 
through 34e and 36e through 39e are appl ied with a loss. 
With this structure, in the fiber laser unit 31, a laser 
output that is slightly less than 8 times the outputs 
10 independently outputted from the respective fiber 

lasers 32 through 39 is obtained from the fiber laser 
35. 

[0046] 

According to the fiber laser unit 31, by a simple 
15 structure in which the eight fiber lasers 32 through 

39 are coupled by the optical fiber coupler 40 of 8 

x 8, a high laser output can be obtained with high 
addition efficiency. In this example, the structure 
in which a laser output of slightly less than 8 times 

20 is obtained by the optical fiber coupler 40 of 8 x 8, 

however, the number to be coupled is not limited to 
this, and it is possible that a laser output of slightly 
less than N times is obtained by an optical fiber coupler 
of N x N. 

25 [0047] 

Fiber laser unit 51 in which the portion for 
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reducing the diameters of the cores andmaking the cores 
proximal to each other is formed by cascade connection 
is described with reference to Fig. 9. Fig. 9 is a 

c 

schematic view of a case where the portion for reducing 
.5 the diameters of the cores andmaking the cores proximal 

to each other is formed by cascade connection. 
[0048] 

The fiber laser 51 has eight fiber lasers 52 
through 59, and can output an output obtained by 

10 coherently adding laser beams of the eight fiber lasers 

52 through 59 from one fiber laser. Therefore, in the 
fiber laser unit 51, as a first stage, fiber lasers 
52 through 59 are coupled two each by four optical fiber 
couplers 60 through 63 of 2 x 2. Furthermore, in the 

15 fiber laser unit 51 , as a second stage, four fiber lasers 

53, 54,. 57, and 58 that output coherently added laser 
beams are coupled two each by two optical fiber couplers 
64 and 65 of 2 x 2. Furthermore, in the fiber laser 
unit 51, as a third stage, the two fiber lasers 54 and 

20 57 that output coherent added laser beams are coupled 

by one optical fiber coupler 66 of 2 x 2. The eight 
fiber lasers 52 through 59 have the same structure as 
that of the fiber lasers 22 and 23 described above. 
The oscillation wavelengths of the laser beams of the 

25 fiber lasers 52 through 59 may be different from each 

other, however, the oscillationbands of the resonators 
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must overlap each other. The optical fiber couplers 
60 through 66 have the same structure as that of the 
optical fiber coupler 28 described above. 
[0049] 

5 Furthermore, in order to output a coherently 

added laser beam from one fiber laser, the fiber laser 
unit 51 applies losses to the other seven optical fibers 
in a phased manner. In the example of Fig. 9, first, 
in the first stage, in order to output from the fiber 

10 lasers 53, 54, 57, and 58, the other four optical fibers 

52e, 55e, 56e, and 59e are applied with a loss, and 
furthermore, in the second stage, in order to output 
from the fiber lasers 54 and 57, another two optical 
fibers 53e and 58e are applied with a loss, and in the 

15 third stage, in order to output from the fiber laser 

54, the other one optical fiber 57e is applied with 
a loss. With this structure, in the fiber laser unit 
51, a laser output of slightly less than 8 times the 
outputs outputted independently from the fiber lasers 

20 52 through 59 is obtained from the fiber laser 54. 

[0050] 

According to the fiber laser unit 51, by cascade 
connection by using seven optical fiber couplers 60 
through 66 of 2 x 2, coherent coupling of eight fiber 
25 lasers 52 through 59 is realized and a high laser output 

is obtained with high addition efficiency. In this 
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example, the structure in which eight fiber lasers 52 
through 59 are coherently coupled by seven optical 
fiber couplers 60 through 66 of 2 x 2 is described, 
however, the number of fiber lasers are not limited 
5 to this, and coherent addition can be realized in a 

larger number of stages with a simple structure. 
Furthermore, it is also possible that coherent addition 
is realized in many stages by means of cascade 
connection by using optical fiber couplers of 4 x 4 
10 and 3x3. 

[0051] 

An embodiment relating to the invention is 
described above, however, the present invention is not 
limited to the embodiment described above and can be 
15 carried out in various modes. 

[0052] 

For example, in the embodiment, a structure is 
described in which the fiber laser unit is provided 
with two fiber lasers, however, the same action and 
20 effect is obtained even by a fiber laser unit provided 

with three or more fiber lasers , and it becomes possible 
to obtain a laser beam with a higher output by a larger 
number of fiber lasers. 
[0053] 

25 Furthermore, a bend loss is applied as a loss 

in the present embodiment, however, a loss may be 
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applied by other means such as immersion with 
index-matching liquid on the end face. 
[0054] 

Furthermore, in the present embodiment, an 
5 optical fiber coupler is used for the core diameter 

reduced portion, an FBG is used as a resonator, and 
a WDM coupler, etc., is used for introduction of 
exciting light , however, they are not limited to these, 
and these parts may be formed by other means. 
10 Particularly, for the core diameter reduced portion, 

an optical fiber coupler is not necessarily used, and 
any device can be used as long as it serves as a beam 
splitter . 

[0055] 

15 Furthermore, in the present embodiment, erbium 

is used as a laser active substance, however, other 
rare-earth elements, etc., can be used. 
[0056] 

In addition, in the present embodiment, the 
20 oscillation wavelengths of laser beams of the two fiber 

lasers are set to different wavelengths (1556 . 9nm and 
1557. lnm), however, they may be set to the same 
wavelength. In the case of the different wavelengths, 
the oscillation bands of the resonators must overlap 
25 each other. 

[0057] 
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[Effects of the Invention] 

A fiber laser unit relating to the invention can 
realize coherent addition of lasers with extremely high 
addition efficiency by a simple structure in which 
5 injection synchronization iscarriedoutbylaserbeams 

leaked from cores by making the cores proximal to each 
other. Furthermore, this fiber laser unit does not 
need accurate adjustment to obtain phase coupling 
since, by using a laser beam leaked from one core, 
10 injection synchronization into the resonator of 

another fiber laser is carried out. Therefore, this 
fiber laser unit can be widely practicable for 
industrial use. 

[0058] 

15 Furthermore/ the fiber laser unit relating to 

the present invention forms the portion where the cores 
are reduced in diameter and made proximal to each other 
by an optical fiber coupler, whereby the entire unit 
can be easily structured . In addition, the fiber laser 

20 unit relating to the present invention can control the 

output destination and make switching by applying a 
loss to the ports of fiber lasers other than a fiber 
laser that is made to output. 
[Brief Description of the Drawings] 

25 [Fig. 1] 

Fig. 1 is a conceptional view of a fiber laser 
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unit relating to the present invention, 
[Fig. 2] 

Fig. 2 is a schematic view of coherent addition 
in fiber laser unit having N fiber lasers relating to 
5 the present invention. 

[Fig. 3] 

Fig. 3 is a structural view of a fiber laser unit 
relating to an embodiment of the present invention. 
[Fig. 4] 

10 Fig. 4 is the optical fiber coupler of Fig. 3, 

(a) is a side view of the optical fiber coupler, (b) 
is a plan view of a melt-drawn portion of the optical 
fiber coupler, (c) is a sectional view along the I-I 
line of (b) . 
15 [Fig. 5] 

Fig. 5 is a diagram showing output spectra of 
the fiber laser unit of Fig. 3. 
[Fig. 6] 

Fig. 6 is a drawing showing an output pattern 
20 in a Y mode, (a) is an output pattern in a Y mode when 

it is outputted from port A, (b) is an output pattern 
in a Y mode when it is outputted from port B. 
[Fig. 7] 

Fig. 7 is a diagram showing changes in output 
25 of the port A and the port B when a loss to be applied 

to the port A is changed in the fiber laser unit of 
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Fig. 3. 

[Fig. 8] 

Fig. 8 is a schematic view of a fiber laser unit 
relating to the present invention in which a portion 
5 where the cores are reduced in diameter and made 

proximal to each other is formed by an integral type 
fiber coupler. 
[Fig. 9] 

Fig. 9 is a schematic view of a case where the 
10 portion where the cores are reduced in diameter and 

made proximal to each other is formed by cascade 

connection . 

[Explanation of Reference Numerals] 

1, 11, 21, 31, 51 ... fiber laser unit 
15 2, 3, 12, 22, 23, 32-39, 52-59. .. fiber laser 

2a, 3a, 22a, 23a. . .core 

2b, 3b, 22b, 23b ... one end portion 

2c, 3c, 22c, 23c ... other end portion 

2d, 3d, 22d, 23d. . .middle portion 
20 22e,23e,32e~39e,52e~59e.. .optical fiber 

22f , 23f . . .clad 

4,5,24,25... resonator 

24a, 25a ... fiber diffraction grating 

24b, 25b ... reflecting end face 
25 26, 27... WDM coupler 

28,40, 60-66. . .optical fiber coupler 
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28a .. .melt-drawn portion 
28b. . .substrate 
28c .. . invar 

28d ... sealing material 
5 29... bend loss portion 

30. . .polarization controller 
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[Document Name] ABSTRACT 
[Abstract] 

[Problem] An object of the present invention is to 
provide a fiber laser unit excellent in addition 
5 efficiency of coherent addition. 

[Means of Solution] Fiber laser unit 1 comprises a 
plurality of fiber lasers 2 and 3 that generate laser 
beams by exciting a laser active substance inside cores 
2a and 3a by exciting light, propagate the laser beams 

10 inside the cores 2a and 3a, and output the laser beams 

from the end portions 2c and 3c, wherein the respective 
fiber lasers 2 and 3 have resonators 4 and 5 that reflect 
the laser beams on both ends 2b, 2c, 3b, and 3c thereof 
and have a structure in which a part of the cores 2a 

15 and 3a is reduced in diameter, the diameter reduced 

portions of the cores 2a and 3a are made proximal to 
each other, injection synchronization is carried out 
inside the resonators 4 and 5 by laser beams leaked 
from the cores 2a and 3a. 

20 [Selected Drawing] Fig. 1 
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